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Human Cloning: Insights from Twins
and Twin Research
transcribed remarks of
NANCY L. SEGALS
I would like to thank the Hastings Law Journal for the invitation
to be here. In 1997, Professor Owen Jones, the editor of Jurimetrics,
the journal devoted to issues of law, science, and technology, asked
me to comment on the National Bioethics Advisory Commission's
(NBAC) report that was issued in response to the cloning of Dolly
the lamb.' As a developmental psychologist and a twin researcher, I
was surprised and somewhat troubled by the failure of the
contributors of that report to reference the vast scientific literature on
twins and twin relationships that was so crucial to questions they were
addressing regarding identity and individuality. I say that because
identical twins offer the best human model for exploring the
behavioral consequences of possible human cloning.
In my journal review, I gave many examples in which the twin
findings either dampened or dismissed the Commission's primary
concerns relating to behavioral issues and family dynamics.2 I
concluded that this did not necessarily justify human cloning, but
rather, eliminated certain reasons for not doing it. Another problem
I found with the Commission's report, and other subsequent
treatments, is the liberal use of the term "twin" and variations of that
term to describe the donor-clone relationship. For example, Kenan
Malik wrote in Prospect magazine that a "child conceived in this
fashion will be the genetic twin of the person who was the cell
donor."3 Leon Kass and Daniel Callahan were quoted in the New
Republic as saying that "cloning confuses identity by... making the
"Professor of Psychology, California State University, Fullerton.
1. See NAT'L BIOETHICS ADVISORY COMM., CLONING HUMAN BEINGS: REPORT
AND RECOMMENDATIONS OF THE NATIONAL BIOETHICS ADVISORY COMMISSION 67
(1997) [hereinafter NBAC REPORT].
2. Nancy L. Segal, Behavioral Aspects of Intergeneraltion Human Cloning: What
Twins Tell Us, 38 JURIMERICS 57 (1997).
3. Kenan Malik, The Moral Clone, PROSPECT, May 2001, at 10.
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clone both twin and offspring of its older copy."4 Dan Brock and
other contributors to the 1998 volume Clones and Clones, edited by
Martha C. Nussbaum and Cass R. Sunstein, make references to
"twins," "genetic twins," and "later twins."5 In fact, the term "twin"
refers to a very specific class of siblings that, in my view, does not
generalize to the donor-clone relationship. I have developed a set of
criteria for deciding who is a twin and who is not a twin, and I will
explore those later. I will also present reasons for why I think this
distinction is so crucial to draw. These are some of the topics I will be
discussing this morning, using twin research findings to enable a more
informed assessment of the behavioral aspects of adult human
cloning.
There are two types of twins, identical or monozygotic (MZ) and
fraternal or dizygotic (DZ). It is identical twins with whom we are
most concerned today. Identical twins result from the splitting of a
zygote between the first and fourteenth day, post-conception. The
two resulting individuals share all their genes, and, like the twins you
see in the slide, look very much alike in most cases (Figure 1). Some
twins look slightly less alike, as do the twins in the next slide. Does
anybody recognize these twins? [A slide of young male twins is
shown.f Nobody? I am actually very surprised because the twin on
the left is Professor Harold Shapiro, who headed the National
Bioethics Advisory Commission. To his right is his twin brother,
Bernard, the current President of McGill University, in Canada,
where the twins are from. Perhaps being a twin uniquely qualified
Professor Shapiro for his chairmanship of the NBAC. He also
worked closely with Donna Shalala, the former United States
Secretary of Health and Human Services, who is a fraternal twin.
4. Leon R. Kass & Daniel Callahan, Cloning's Big Test: Ban Stand, NEW REPUBLIC,
Aug. 6, 2001, at 10, 12.
5. See Dan Brock, Cloning Human Beings: An Assessment of the Ethical Pros and
Cons, in CLONES AND CLONES (Martha Nussbaum & Cass Sunstein eds., 1998).
6. See NANCY L. SEGAL, ENTWINED LIVES: TWINS AND WHAT THEY TELL Us
ABOUT HUMAN BEHAVIOR (2000).
7. See id.
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Figure 1. MZ female twins. Photo courtesy of the family.
We have seen some dramatic increases in twinning rates since
1980.8 This is partly due to older mothers delaying the child bearing
years, thereby increasing the chances for multiple ovulation.
However, the increase in DZ twinning is mostly explained by the
increased use of various assisted reproductive technologies.9 Some of
those technologies, namely ovulation induction and in vitro
fertilization (IVF), have also lead to an increase in monozygotic
twinning."° Ovulation induction might cause uneven hardening of the
zona pellucida (the translucent layer surrounding the embryo),
leading to the formation of two embryos. This event may also be
involved in the association of IVF and MZ twinning, in addition to
8. See Stephanie J. Ventura et al., Births: Final Data For 1999, NAT'L VITAL STAT.
REP. No.1, Apr. 17, 2001, at 1.
9. See Joyce Martin & Melissa M. Park, Trends in Twin and Triplet Births: 1980-1997,
NAT'L VITAL STAT. REP. No. 24, Sept. 14, 1999, at 1.
10. See, e.g., B.R. Hecht, The Impact of Assisted Reproductive Technology in the
Incidence of Multiple Gestation, in MULTIPLE PREGNANCY: EPIDEMIOLOGY GESTATION
& PERINATAL OUTCOME (Louis G. Keith et al. eds., 1995); Eyal Sheiner et al.,
Monozygotic Twins Following Blastocyst Transfer: A Report of Two Cases, 98 EUR. J.
OBSTETRICS & GYNECOLOGY 135, 135-38 (2001).
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micromanipulation of the zygote outside the womb and exposure of
the embryo to uterine secretions. I find it curious that opponents of
human cloning do not seem terribly concerned about the fact that
genetically identical individuals are being created through this
artificial means.
Let us take a look at the twin research findings and what they tell
us. The next slide (Table 1) summarizes heritability values, or
estimates of the degree of genetic influence underlying human
behavioral and physical variation across a variety of traits. These
numbers are based on the relative similarities of identical and
fraternal twins. What we see is that genetic influence is pervasive, but
does vary from trait to trait. There are two important messages in
this slide. First, MZ twins are not exactly alike in any measured trait.
This means that environmental influences affect all aspects of human
development. This next point is also important to appreciate,
however: MZ twins, whether raised apart or raised together, are
more behaviorally and physically alike than any other pair of people.
For example, it may seem counterintuitive, but it is true nevertheless,
that MZ twins raised apart are more alike than the members of a new
kind of kinship that I have been studying, whom I call "virtual
twins."' Virtual twins are same-age, unrelated children who are
reared together from infancy in the same family. They come about if
families decide to adopt two children at the same time, or if a family
has a biological child and chooses to adopt a second one. These
children, despite their common rearing, are much less alike in the
mental ability measures I have examined so far than are MZ twins
raised apart until adulthood. Therefore, I would predict that virtual
twins should be less alike than donors and clones. I would also
predict that donors and clones, like MZ twins, would show some
behavioral and physical similarities, but would not show perfect
similarity.
Table 1. TWIN RESEARCH FINDINGS12
Characteristic Heritability
Height .90
General Intelligence .50-.70
Special Cognitive Skills .50
Personality Traits .50
Job Satisfaction .30
11. Nancy L. Segal, Virtual Twins: New Findings on Within-Family Environmental
Influence on Intelligence, 92 J. EDUC. PSYCHOL. No. 3, 442 (2000).
12. See D. Arvey et al., Job Satisfaction: Environmental & Generic Components, 74 J.
APPLIED PSYCHOL., 187 (1989); SEGAL, supra note 6; ROBERT PLOMIN et al.,
BEHAVIORAL GENETICS (W.H. Freeman ed., 3d ed. 1997).
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This next slide presents some excerpts from the NBAC's report
that was issued in 1997. The first one reads, "Even identical twins
have different likes and dislikes, and can have very different
talents. 13 This is partly true, but it is very misleading. While it may
apply to selected pairs, it certainly does not reflect what research has
consistently shown, namely that MZ twins show considerable
personality similarity. In the next passage it says, "Common
experience demonstrates how distinctly different [identical twins] are,
both in personality and in personhood. At the same time, observers
cannot help but imbue identical bodies with some expectation that
identical persons occupy those bodies since bodies and personality
remain intertwined in human intuition.' '14 The first part of this
passage is misleading for many of the same reasons as the previous
one. The second part contains some truth in that cultural conceptions
of twinship in western nations associate twins, whether identical or
fraternal, with similarities. 5 On the other hand, when people actually
interact with twins and know twins, they tend to look for, and
amplify, the small differences between them. One study showed that
the parents of MZ twins who were judged to look the most alike rated
those children the least alike behaviorally. 6 So, it does not seem that
there is any necessary connection between appearance and behavior.
Throughout this report, and throughout many treatments that I
have seen, I find a peculiar contradiction. On the one hand, there is
an emphasis on how very different MZ twins are, which, as I think I
have shown, is not true. On the other hand, there is a concern that
genetically-based similarities between donors and clones would prove
very, very problematic. It seems to me that if MZ twins are really as
different as some claim, then where is all that fear coming from? I
am, therefore, somewhat confused about the position taken by many
individuals. I would suggest, instead, that there probably will be
similarities between donors and clones, not perfect similarities, and
that there should be nothing to fear from their likenesses.
Another concern that is recurrent in the NBAC's report and in
some other sources is the possible unhealthy social relationship that
would evolve between genetically identical parents and children.
Again, we need to take a closer look at what the twin research
findings show us. These are findings based on studies that my
colleagues and I have conducted over the years, summarized in
13. See NBAC REPORT, supra note 1, at 33.
14. Id at 67.
15. See Elizabeth A. Stewart, Towards the Social Analysis of Twinship, 51 BRIT. J.
Soc. No. 4, at 724 (2000).
16. See Robert Plomin et al., Resemblance in Appearance and the Equal Environments
Assumption in Twin Studies of Personality Traits, 6 BEHAV. GENETIcs 43 (1976).
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Segal.17 First, MZ twins generally show greater social closeness and
cooperation than do DZ twins. Furthermore, MZ twins express
greater grief intensity following the loss of a twin than do DZ twins.
In fact, loss of a twin (MZ or DZ) has been associated with higher
grief intensity than has the loss of most other relatives. Finally, the
MZ twin relationship is reputed to be among the closest of human
social ties. This all sounds very positive to me and not the
disagreeable picture that I have seen painted in a number of reports.
Let us now take a look at some criteria for deciding who is a
clone and who is a twin. Before we do, I want to say that this is
important because we need to decide if clones are really twins, given
the frequent references to them as such. If clones are not twins, but
are called twins anyway, then people are reinforcing the very notion
that they do not endorse, namely expectations of similarity and
affiliation. If clones are less similar than twins, labeling them as twins
could prove harmful because communicated expectations would be
inconsistent with naturally expressed behaviors. I must point out that
many people expect donors and clones to be much less alike than
identical twins. This could be true, but the degree of similarity
probably varies from trait to trait. I would, thus, assert that the
degree of difference or similarity remains an untested supposition
because nobody has done the research.
Twin studies currently remain our best model for considering
donor-clone resemblances and relations. Many twins reared together
and apart show similar degrees of resemblance across personality
traits. I worked on the University of Minnesota studies of twins
raised apart for nine years. I can tell you that my colleagues and I
were quite surprised to find the numbers and types of MZ twin
similarities that we did. This was not expected, and we may be
surprised again. Many of the experiential variables that have been
mentioned as likely to cause differences between donors and clones,
such as different parents, siblings, schools, and friends, also differed
for MZ twins raised apart. Of course, cultural and generational
climates of donors and clones would differ, whereas they would not
for twins raised together. However, several twins raised apart in
different countries showed both striking similarities and intriguing
differences. We believe that MZ twins raised apart show the
similarities that they do because their genotypes predispose them to
gravitate toward certain experiences, events, and people in their
environments. The same might prove true for cloned children and
their parents. Again, however, whether or not donors and clones
17. See SEGAL, supra note 6.
18. See Duke Tellegen et al., Personality Similarity in Twins Reared Apart and
Together, 54 J. PERSONALITY & SOC. PSYCHOL. 6, 1031 (1988).
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would be alike or different is less consequential than the fact that we
would recognize them (as we do MZ twins) as separate individuals
with separate identities.
In terms of the criteria for deciding who is a twin and who is not,
and who is a clone and who is not, the first category concerns
conception. Twins are conceived at the same time, while donors and
clones would be conceived years apart. There are some exceptional
twin cases, but they would not deny the fact of twinship. Of course,
these cases refer only to those dizygotic twins resulting from the
processes of superfecundation and superfetation.'9 In the first case,
women release eggs at the same time, but they are fertilized on
separate occasions, sometimes through separate coital acts; in the
second case, eggs may be released several weeks apart.
The second category concerns parents. Twins share their parents
in a biological sense, whereas donors and clones share their parents in
a technical sense. Sharing parents in a biological sense means that
twins share mitochondria, the cellular structures that convert food to
energy and which are transmitted through the maternal line. Sharing
parents in a technical sense means that the donor's parents technically
conceive the donor and the clone. In other words, the cloned child's
grandparents are technically his or her parents, too. The donor and
clone would not share mitochondria unless the female donor gestated
her own child. The common argument that mitochondrial differences
between donor and clone would lead to marked differences between
them is overstated because mitochondria represent a very tiny
fraction of the genome, and are more directly connected to cellular
function than to phenotypic expression.20 There are some exceptions,
however, in which twins do not share the same parents. This would
only apply to DZ twins who, through the processes of superfetation
and superfecundation (and different coital acts), have different
fathers. These are extremely interesting cases and I have worked
with two of them in a legal context.
The third category is intrauterine events. Twins have the same
intrauterine environments, sharing many, but not all, prenatal events.
Donors and clones would not share intrauterine environments or
prenatal events, but note that prenatal events are more closely linked
to MZ twin differences than similarities. One of the biggest
misconceptions is that MZ twins' shared uterine environment
enhances similarities between them. MZ twins may share broad
effects resulting from maternal smoking or drinking, but two-thirds of
MZ twins experience some degree of fetal anastamosis, or mutual
circulation in utero, which can lead to profound physical differences
19. See SEGAL, supra note 6.
20. Personal Communication with Andrew Mason.
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between them. I, therefore, wonder if anyone has considered the
possibility that a donor and a clone might actually be more physically
alike than MZ twins because each would be gestated separately and
not subjected to the prenatal adversities characterizing many MZ twin
pregnancies. My recent book, Entwined Lives: Twins and What They
Tell Us About Human Behavior, includes a striking photograph of
MZ twin children who differ in height by four inches due to unequal
prenatal environments.2'
The fourth category concerns time of birth. Twins are born at
the same time, sharing generational and historical events. In contrast,
donors and clones would be born at different times so they would
experience different generational and historical events. There are
some exceptional cases, including twins born at different times, due to
premature labor affecting one child. Of course, these twins would
enter the same generational and historical periods. In contrast, as
indicated earlier, twins reared apart may experience different cultural
influences, especially if reared in different countries. This would not
deny the fact of twinship-instead, rearing by different families, and
possibly in different cultures, might be thought of as an extreme form
of the kinds of separation some ordinary twins experience, i.e.,
attending different schools or leading separate lifestyles, due to
differences in accidents or illnesses.
It is instructive to apply these criteria to some other unusual
twin-like sibships before applying them to cloned children. As with
clones and donors, calling these individuals twins many be tempting,
but may not be in their best interests because it may impose unfair
expectations or pressures toward similarity and affiliation. In my
work with virtual twins, I discovered a pair of children who were born
two days apart and related through the father, but who had different
mothers. I wondered-if twins can share mothers and not fathers,
then perhaps they can share fathers and not mothers. However, these
children did not share intrauterine environments, which may have
affected development, so they did not fulfill the third criteria.
Another insightful example concerns the children born to MZ twins
married to MZ twins. The children of such couples are genetically
equivalent to full siblings. I met a family whose son and daughter
were conceived near in time and born within one hour of each other,
making them genetically equivalent to DZ twins. These children
share parents in a technical sense, but not in a biological sense. In
this case, the MZ twin mothers' intrauterine environments were
technically, but not biologically, equivalent. The boy and girl are
truly "twin-like," but do not fulfill all criteria for twinship. To
consider them twins when they were born to separate couples would
21. See SEGAL, supra note 6.
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not necessarily be in their best interests.
We can now begin to apply the twinship criteria to clones. The
first key questions are: Are MZ twins clones? Are clones MZ twins?
MZ twins are clones by definition. However, clones are not MZ twins
because they fail to meet the four criteria outlined above. Second,
would the individuality and uniqueness of cloned individuals be
threatened? The NBAC feared the diminished autonomy of cloned
children. However, MZ twins are separate individuals in their own
right and while the typical identity questions that many people face at
adolescence may include the twin partner, twins generally weather
these storms quite well. MZ twins are not over-represented among
psychiatric patients;' instead, some of the more dramatic cases may
attract attention because the individuals are twins. A few studies
have shown elevated levels of problem behavior in young twins,' but
questions of subject selection remain. In addition, much has been
made in fictional treatments of the stifling interdependence of
identical twins, accounts which rarely match reality. 4  Reading
various accounts in the cloning literature, one might suspect that all
MZ twins should be routinely separated and yet I do not know of any
developmental psychologist, twin, or parent who would endorse such
a view. Having worked for years on studies of twins reared apart, I
now have research evidence of wonderful reunions between MZ
twins, as well as resentment at separation." Some were concerned
about identity and individuality before meeting, but once they met,
these fears were set to rest because they still felt like unique
individuals. It was especially interesting that each felt special in the
sense that they had a twin and other people did not. It seems that if
most MZ twins (who belong to the same generation) cope well with
physical and behavioral similarity then this should be less of a
potential problem for a donor and clone (who would belong to
different generations).
I think there is failure to appreciate some of the possible
psychological benefits that might come from human cloning. One
example is enhanced understanding and empathy between parent and
child. Many children complain that parents do not understand them,
and here we have a situation that might recapture some of the
intimacy that MZ twins share. This is just something to think about.
22. K.S. Kendler et al., Self-Report Psychiatric Symptoms in Twins and Their Non-
Twin Relatives: Are Twins Different?, 60 AM. J. MED. GENETICS 588 (1995).
23. See J.S. Gau et al., Childhood Behavioral Problems: A Comparison of Twin and
Non-Twin Samples, 41 ACrA GENETICAE MEDICAE ET GEMELLOLOGIAE: TWIN
RESEARCH 53 (1992).
24. Bari Wood & Jack Geasland, ThVINS: A NOVEL (New American Library 1978)
(this book was the basis for the 1988 film, Dead Ringers).
25. See SEGAL, supra note 6.
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Would novel family relationships generated by cloning prove harmful
to family members? This is now untested, but we have a number of
informative models. We have Louise Brown, the first test tube baby.
Following her birth in 1978, there was concern that conceiving
children in this manner would disrupt family relationships. However,
IVF has done nothing to diminish the structure of the family. Recent
studies in England 6 and Holland27 show that parents of adoptees and
IVF children show greater enthusiasm for their parenting roles and
greater warmth and involvement with children than do biological
parents. I also want to mention another human model that I
discovered while changing TV stations one evening, ending up
watching NBC Extra. There was a segment on four mother-daughter
pairs who looked and behaved extremely alike and all eight
individuals were extremely happy with that situation. I would suggest
that we try to find such parent-child pairs and to determine in a more
systematic way the extent to which this situation is a source of
satisfaction or dissatisfaction.
Finally, would parental expectations of behavioral similarity in
genetically identical offspring be psychologically damaging to these
children? I think a better way to frame this frequently asked question
is: Are MZ twins who are the most alike the least happy? No one
has directly asked this question, but indirect evidence suggests that
the answer is no. Every year we see thousands of twins flocking to
the Twinsburg Ohio Twins Festival and other venues to celebrate
their likeness and their twinship. Most twins, when asked, are really
happy to have been born twins and would not have it any other way.
Dr. McLean made the point in her talk that ordinary parents
entertain expectations for children. Donor parents might as well.
Like ordinary parents, donor parents' goals and expectations for their
children might coincide with their own, or depart dramatically.
In summary, it seems indefensible to reject human cloning on the
basis of many untested suppositions, especially when other
meaningful sources strongly suggest that these fears are unfounded.
There could be some real benefits from human cloning with respect
to family understandings and loyalties. I emphasize that none of this
justifies human cloning, but simply weakens some arguments against
it. In my last slide, we see a pair of MZ twin girls with their identical
dolls (Figure 2). I show this slide because I think it is helpful to step
outside of academia and take a look at how ordinary people react to
26. Susan Golombek et al., Families Created by the New Reproductive Technologies:
Quality of Parenting and Social and Emotional Development of the Children, 66 CHILD
DEv. 285 (1995).
27. Frank Van Balen, Child-Rearing Following In Vitro Fertilization, 37 J. CHILD
PHSYCHOL. & PSYCHIATRY No.6., 687 (1996).
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recognizing similarities they have with others. There is a company
called My Twin Doll, and if you send them a photograph of yourself,
they will make a doll who is a complete likeness. It occurred to me
that these twin girls are in a strange, clone-like situation, and I think
that to look at their fondness for these figurines might be informative.
The makers of these dolls tell us that they were intended to enhance
the individuality of each child because nobody else can have the same
toy.' Thank you very much.
28. Personal Communication with David Liggit.
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